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this model a natural for your first ducted fan.

By Giancarlo Genta
he whole thing started in
December 87, when my son

T Alessandro {then 11) was
fearning to fly with the usual trainers, He
asked me to build a jet plane which would be
casy ¢nough for him to fly and still retain the
“jet fighter™ looks and performance one
tooks for in a model of this kind.

The idea was so challenging that |
decided it was worth giving it a try,

tn our city there are a namber of modelers
who fly Pulsejet asircraft. They are
impressive and well suited for air shows but

their noise, the need of complex (perhaps
simply unusual for the average modeler)

starting procedures, and the impossibility of
regulating the thrust in the usual way are not
exactly what a “'Sunday Flier'" likes as a
standard flying machine.

Ducted fan propulsion scemed to be
much more promising. | had never seen a
ducted fan plane flying, although | knew
that in our area some modelers had one in
the building stage. The president of our ¢club
had @ number of flights with a Byron Fl16
and ways butlding a Corsair U with the same
Byrojet unit.

I started looking in magazines to see
whether it was possible to find a model
which would fit the idca | had of an “entry
level™ ducted fan.

The basic requirements were:

I. The ship had to be easy to fly, with
handiing characteristics more like a trainer
than of a pattern plane.

wirm IS NAYY

2. Good take off charactenistics, without
the need of a long, surfaced runway,

3. Ease of operation, particularly the
starting of the engine. The model had w0
have more or less the same case of handling
a Sunday Flier expects from his planes.

4, Overall Took of u jet fighter. If not a
scabe moded of an actual jet, it had to at least
look like a real aircraft. No cheater hole
allowed!

5, Good speed performance, possibly in
the range of 130 mph (200 kmvh).

6. Very good maintaiability, with ¢asy
access 1o the engine and all other devices
needing maintenance.

7. Ease of construction with con-
ventional materials and scratch-building
techniques, with Jow cost for the whole
project as a secondary requirement,

[ realized that no ducted fan kit of
drawing ! was aware of would fulfifl the
ubove mentioned nequirements.

Even though ducted fans are suitable for
scale models (as many jet scale aircraft have
been built with success), only by designing
a flying machine around the propulsion uait
can you oplimize its performance and falfill
complietely the above mentioned
requirements.

[ bought a Byroxt unit, a sevoadhand
Roasi 81, which had just been run in, with
the pipe suited for the application and a
retract set. And after measuring all the
relevant dimensions, | started drawing.

A twin boom configuration was chosen in
order 10 kecp the duct short, lower the
weight, and make the accessibility o the
engine as casy as possible. Large air ntakes
were provided and an auxiliary intake to
<ol the pipe was used. Another saxiliary
intake to coo} the eagine head was added
fater.

It took me about four months to design



LEFT: Right fin before covering, seen from the outside. Note the elevator floxible control cable. RIGHT: Assembling the left fin to the

stab, before botfom sheeting Is added.

this first <hip and about cight months were
needed tobuild it, including building a wing
with a matching airfoil and similar
techniques and then testing it on a trainer
fuscliage The fuselage, wing, and tail are all
rlywood and balsa,

Atthe end, | had a jet plane with 2 span of
62", alengthof 54'4™, and a weight of 183
ozs. (11 Ibs. 7 0ss,),

A 7-channcl JR FM radio was used in the
fint prototype model. with all channcls
working (air retracts, flaps. and mixtuee
control on the additional channels). The
sieering had to be dniven by a sepanate
servo, operaied by the rudder channel.

The plane was given the name “*Eagle™
with a geacral look of a military ship.

I machined a starter extension and on the
fird Samturday of January ‘89, evervthing
was ready.

I had ncver scen a ducted fan planc up
close. 50 when the starter was applied and
the engine roarcd. 1 really was amazed: |
woukd have never thought such a thrust {and
such a xeream) possible, The **test pilot’* of
our club took the controls, all checks were
made and the planc was released. It took
about 30m 1o get sirbome, climbing ot 45°,
When the plane was leveled off, it was cleer
that the performance exceeded any

expectation.

Fins-stab assembly. Al this stage, the rudder linkage must be adjusted,

Itreally ' flew of f the drawing board,™" ax
the saying goces. [tcould climb venically out
of sight and the honizontal speed has been
judged in the range of 120-140 mph. The
general behavior and the way it performs
basic acrobatics is that of a jet fighter.

However, on the very first flight a bad
charactenstic of the design was evident,
After about 1) minutes into the Might the
cngine quit in a high speed low altitude
My-by. It was clear that the elevator,
wilhoul the blast of the fan and in the
acrodynamic shade of the fusclage, loses
most of its authonity. The plane cannot
assume the comect angle for & low speed
glide. The flight ended in a controlied crash,

. N

Parts for assembiing boom.

without much damage.

In the subsequent flights. we lcamed that
by properly using the flaps it could be made
to glide safely to a dead stick landing, but
the engine off performance remained
marginal.

The desire 1o correct this bad
characteristic and to improve the already
very good flight performance drove me to
the drawing board again to design a second
version of the planc.

The main change was to move the stab lo
a position in which it would relain its
authority even with the engine off.
Actually, this proved 1o be very effective
and the Eagle MK. 11, although not being a
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LEFT: Bottom of the fuselage with former F& and lsnding goeer piste instalied. Trial Nitting of the fan unit and of the front leg of the
undercarriage. RIGHT: Cilose-up of the fan, engine, pipe, and tank instailation.

foater. glides in a way I never thought
possible for a mode! with soch a high wing
londing. Dead stick landings are no longer a
problem

Orher changes were meant to keep the
weight low. with a goal of 8.5 Ibs. (which
apain was not achieved) to reduce the drag

and to increase the overalt performances.
Attachments under the fusclage for
different pods were provided. The modeler
who plans to use this ship as an air show
attraction can tnstall different devices such
as a release mechanism for bomb or
parachute dropping, a drag chute, or

retractable arrester hovk. A drag chute was
tested with success and was quile
spectacular and reduces the landing run
stubstantially

All design poals were met with ample
margin. Both speed and mancuverability
have been substantially increased. although

strips on the duct. RIGHT: Fuselage rear

n assembled and ready to be attached to front section.

LEFT: Fuselage front section with canopy. RIGHT: The first corner of the duct has been removed and the temporary formers have been
.added. The corner is ready to accept the baisa planking.




1 cannot give sny measored figure for the
spoed. We are waiting for 8 member of our
club to finish an clectronic speed meter in
order to check whether the estimate of
155 mph (250 knvh) we timed is comect.

As the Eagle MK. IT is not & mode! for
true begimners, [ will cover only some of the
construction deiail,

Tail Surfaces and Booms:

! usually start building from the tsil
festhers, so | can quickly seo something
finished before being fod up with the
project. In this case, the twin fing are in one
plece with the beoms, and it is advisable to
have the tail unit finished before gluing the
wing to the fusetage in order wo check all

I usually do not cot all the pieces befors
start assembling the structures. [ cut just
the parts needed for a subassembly snd start
building, so if design changes are needed |
can proceed without discarding niready ot

parts,
Both rudders are actually working and |
suggest oot to simplify in this area. Both

planes were saved by a strong rudder input The left rudder is controlled in the usual mdnwingsbwldbcself-upluuwy
when attempts to horse the ship from the  way by the servo. A linkage made by two' In the photos there are two tubes shown
ground {atempts to check bow much STOL  modified strip aileron hook-ups and by s ‘through the ribs of the stab which is duc to a

performance could be achioved) resulted in
a tip stall and & beginning of a snap roll a few
feet above the ground,

flexible push-pull fink running inside the,
horizontal stabilizer transfers: the control:

from the left to the right rudder.

design change after the front tube (now not
used) was glued in. Only the rear tube i
needed.
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LEFT: Flexible controls, antenna tube, servo wires, and retract tubes seon from the botiom ¢

wing.
wheae! well wifl be cut later. RIGHT: Close-up view of the alferon-flap hook-up. The one shown Is for the left wing.

First build the stab on a flat surface, using
two square strips of wood for alignment of
the ribs, Cover the upper surface using
/16" balsa.

Then build the two fins, which are made
with a core of 3/16™" balsa covered by 1/16™
balss. Note the direction of the grain,

Start by ghuing the inner covering (o the
core. Make the notch in the right fin for the
elevator flexible controt and ghue it in place.
Prepare the modified aileron linkages and
assemble them in place. Prepare the notches
to accommodate the spars of the stab, which
must be flush with the core of the fin.

At this timie, assemble the stab to the fins
and hook up the rudder linkage.

Once you are sure that the steel rods
which will enter into the rudder are parallel
(I suggest using a pair of threaded clevises
for adjustment as in the photo). put some
glue on the clevises and you are ready for
covering the bottom of the stab and the outer
surfaces of the fins. To do this, you should
pin the spars of the stabilizer to a flat
surface.

The rudders and the clevator are made
from conventional aileron stock and need no
further description.

The booms are basically square boxes
with tnangular balss strips at the inside
coeners, Each boom is in two pieces: a front
part, which will be glued 1o the wing, and a
rear part, which is a component of the tail

et

Alieron
See plans.

unit. They must be built together in order to
insure proper matching,

Start by culting all pieces, including the
four plywood formers F8 and F9 (2 for each
boom) and the four matching plywood strips
F8A and F9A. Each former and its
cormresponding plywood strip are cut and
drilled (for the alignment dowels) together.

-

Do not mix up the pairs.

At this stage you cannot distinguish the
right hoom from the left.

The notches for the wing spars were made
sfter assembling the booms. You can do
them before, but then the two booms will be
different due to the wing dihedral.

The servo mils we structuril parts and

.‘-'




must be predrilled and assembled at this
stage.

Cut the booms to accommodate the fins
and assemble the whole tail unit.

At this stage the servos for clevator and
rudders should be installed, the hinges put
in pluce {(not glucd), and the whole control
system should be thoroughly tested.

When everything is working properly.
remove the servos, belleranks, hinges, and
moving surfaces, and shape the edges of the
control surfaces and the corners of the
boomas.

Wait to cover and prime cverything until
the fit of the tail unit with the wing has been
checked.

Fan Duct and Fuselage:

The fuselage is basically made up of two
parts: the duct for the fan unit and a front
pod which voatains the recciver, four
servos, baiteries, the front keg of the landing
gear. and the air tank.

The duct is built as a square bax using lite
ply. The four comers arc then removed and
the thick balsa planks are glued on and
shaped. The hatch foe access to the engine is
cut later,

Start by pinning the bottom of the
duct-pod assembly to the building board.
Use shims in order lo give the proper
curvature to the front and the rear parts. As
the rear part is quite stifl, make side-to-side
cuts on the ouler sutface.

Add the balsa triangular comer pieces to
the pod and some large pinc (or any other
wood — they will be removed later) comer
picces to the fan duct. Add the two formens
Fo6 and F7 with the integntl center section of
the wing spars and the lite ply front part of
the fuselage pod. Remember to dnll the
holes lor flexible controls. the sntenna, the
servo wires, and the fan unit, and to glue the
nuts in place at this stage.

You should now trial fit the fan unit,
engine with pipe and fuel tank. The top and
the sides of the duct ane then added.

When ¢verything is dry. cut a comert of
the duct, fix the iwo removable formers
with tape or any other means, and glue the
balsa planking in place. Each comeris made
using six pieces of planking.

When a corner is dry, remove the two
formers and proceed to the following one
until the duct is ready for shaping. Give a
rough shape o the duct, at least in such a
way that you ¢an pin the whole thing to the
building board again.

Add the formers for the front part and the
landing gear plate (you could do this even
before, as shown in the photos). Add the
sides of the pod and the nosce block.

Prepare the upper hatch with the canopy,
available from Viking Models USA, 2
Broadmoor Way, Wylie, Texas 75098,
{214) 442-3910.

The hatch is kept aligned by a sort of
“ruck” made of lite ply and is kept in
position by a dowel in the front and a spring
loaued latch in the back. 1 like to have very
casy access to the inside and positioned the
switch, air valve, charging plug. and fue!
filling tube all inside the planc. When you
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open the hatch to get ready for a flight you
can check, at east visually, that everything
is all right.

Be carcful when you fit the canopy and
the hatch, Tt is hard to imagine the
acrodynamic foroe upwards on the topof the
fusclage when traveling at top speed. On the
first flight of the Eagle 1. the canopy was
sucked upwards on the first high speed pass.
On the Mark 11 plane, | took care to fit the
canopy morc safely, only to have the whols
hitch assembly pulled from the rest due toa
faifure of the latch. Take care that the latch
enters completely and is restrained from
going backwards if not operated by hand,
The solution shown in the drawing has not
given any problems.

When the fusclage is sanded 10 shape
(remember, to also shape the inside of the-

air intake), cut the recesses for the Latches of .
the engine hatoh snd separate the hatch from -

the rest of the fusclage. Remember to trial
{4t the fan unit and the engine at this stage.
They should enter through the hatch without
wo much trouble. The pipe and its adapter
emer from the front hatch.

Cut the upper air intake and shape it. This
sdditional intake was added after the firu
flights to the Eagle | and helped very much
to keep the head of the engine cool.

Inswsil the latches and the hinges.
Remember that you will have to open the
harch for stanting the engine amt checking
the fucl minture. The latches have to be
quite free, 38 you have (o operate them
under pressare (Jownward air pressure due
s the fan and psychological pressure) when
peeparing for take-off.

Install the servo cails and trial fi
everything,

In the first model, | was concetned about
puting the pipe so near to the servos and the
recciver, so | glued some of those
temperature sensing self sticking tapes just
under the pipe (in the first Eagle, all four
fuselage servos were very neat lo the pipe)
I made several Qights with them, and the

remperature never exceeded [50°F (65°C).
Wing:
The wing is more of less conventional.
Prepare all nibs, remembering that in each
wing there are four ribs of lite ply, the tip

.and rool ribs, and those to which the landing

.pear plates are glued to.

Proepare the tip tanks ot this stage, so you
can drill the tip rib and glue the nut in place.
1 like to have them removable for case of
transportation and repair in case you scratch
them on the runway.

Prepare the two pieces of the boom which
must be glued to the wing by cutting the
notches for the spars and landing gear
plates. Glue the root ribs to the fusclage.

The hall wings are built directly on the
fuselage. Pin the fuseluge and the wingtip
spar support 1o the work surface. Also, pin
the boom support in place at this time.

Glue the keading edge, trailing edge, and
the lower spar in position and pin them to
the ip support. Glue ribs #2 and #3 in

place. Neat, glue the landing gear plaies,
the front part of the boom and the rib #4 all
in their proper locations.

Compicte the wing structure with the
other ribs, the upper spar, and the upper
sheeting, before removing the whole thing
from the byilding board.

Repoat the procedure with the other
wing.

At this stage you should fit the control
tubes for ailerons and flaps. the tobe for the
anicrna, the servo extenssons (1 used JR
36" extensions), and the tubes lor sir
retracts, | installed a pair of additional
control wbes, in case in the future | want to
install a device to drop something from the
bottorn of the booms.

Add the aileron-Nap linkages, built as per
the drmwings, starting with two pairs of strip
aileron

1 chose &oopemc aileron and flaps using
8 single servo for each, trough flexible
controls instead of insalling a serva in cach



wing. This is mostly due to the lack of space
in the booms, but if you like, small servos
can fit. At any rate, the system installed
operated on both ships flawlkessly and [ see
no need to change it,

When you are satisfied with the controls
you can install the bottom wing skin and the
two stub wings inside the air intakes to
cover the controls.,

It is pow time to sand everything and
check that cverything works propetly.

Try o kecp the finishing as light as
possible, perticularly in the tail assembly.

The fan duct and the central part of the
wing, up to the booms, are covered with
fiberglass-cpoxy for strength. Also, the
inside of the fan duoct is covered with
fiberglass cloth and epoxy resin.

Do not forget to fiberglass the duct:
actually it constifutes a very strong and stifl
shell which transfers most of the fNight
stresses from the wing to the fuselage.

The outer part of the wing and the front
part of the fusclage were covered as tightly
o possible.

The model was painted in a sort of Blue
Angels color scheme. Obviously, sny
scheme you like can fit, but remember that
proper visibility in the air is of the utmost
importance with u very fast model,
Radio:

A minimum of a 5-channel radio is
necded s flaps arc really useful. [ used a
9-channe! PCM radio, using all channcls on
my Eagle MK. 1.

The remaining 4-channels were used for
retracts, in flight mixiure seiting, steering,
and drag chuie. The steering servo can be
driven by the rudder channel, but I like to
have it on a separate channel mixed to the
rudder in order to be able to adjust the travel
and the centering independently.

With both the 7-channel FM and the
9.channe] PCM, | never encountered
problems with the servo exicnsions or the
antcnns running inside the model. At any
rate, carcfully check the operation of the
system with the cogine running st differeni

speeds.
Flying:

The first ftight of any model is a
challenge. and for me the first flights of the
two Eagles were great ones.

Even if the plane is very user-fricadly, try
10 get the best pilot available at the controls
for the first flights, particularly if you feel
NETVOUS.

Open the front hatch and fill the fuck tank,
the air tank, and switch on the mdio,

Start the engine with the upper hatch open
and set the mixiure, I€ you feel that this is
dangerous, do not take chances, install an
extension to the necdle valve in order to
operate i1 from the outside.

It may be necessary to unscrew the glow
plog & tum or two in order to start the
engine. {This is customary with mcing
boats. )

The engine was tached at 18,8300 rpm
static with a mechanical meter. This means
that the meter and the hand of the user are in

the exhsust duct and results-in some
decrease of the engine’s performance. This
also refers to the standard 20% ofl, $% nitro
fuel. At any rate, the plane is so
overpowered that even i you get lower
engine rpm’s, you should have litile
problem in attaining a safe fiying speed.

When you are satisfied with the mixture,
run the engine at full throttle and check the
mixture in 3 nose down position, Remember
that the engine s behind the tank, s0 you can
have fuel draw problems in a nose down
position. Check that the engine docs not go
100 fich in 3 nose up position,

No fuel pump was used in cither model,
and I never encountered fuel draw
problems. Actually, the fuel tank is very
near to the carburetor and pipe prossure
should be sufficient with any eagine.

Check the radio with the engine runniog-
and test all systems, When all systems’ e
g0, cross your fingers and start the take-off
run.

If the engine is properly tuned, the
acceleration should be impressive.
However, do not take chances, be ready to
abort the take-off if you are not satistied
cither with the acceleration or the
directional control. After all, a full scale
pilmwouldhaweodosoinhinp.muu
correct!

If everything is all right, let tho plane get
up to take-off speed, A slight pressure on
the stick is needed for rotation. but do ot
try b horse it in the sky, at least in the first
lights. After leveling off, retract the gear.

1f all surfaces are true and the Center of
Gravity is in the required position, the ship
will b very stable and casy to fly. The
difference with respect o a trainer is just the
speed.

After trimming the controls, if needed,
and a short fime 1o familiarize yourself with
the flight characteristics, try st a safe
altitude 10 assess a safe low speed with flaps
in landing position and engine slightly
above idle. Mplmhemgheﬂldkaﬁd
try the glide, just in case yout need it.

“In & short time you will start to perform
serobatics. Remember that the plane is far
faster than u pattern ship and much more
powerful. A strong clovator input will cause
vory high g-loads. and no one can guarantce
structoral istegrity if you exceed the flight
envelope.

We never dared to try a spin, as we do not
know how a fan behaves (will the fan blades
stall?} in this condition, and did ot want 1o
risk baving the engine quit in such a critical
attitude

Lunding should give no problems, The
ailerons are very effective at fow speed and
the ship glides as on rails; however, flaps
must be used, as the wing loading is high,
The sight of this ship coming in for a landing
in nose up atitude with engine at high idle,
then touching lightly with the main gear,
und then rolling for a short time before being

fully on the gronnd with all wheels is
something to be remembered, Better sull,
deploy the drag chute immediately after
touch down.

Dead stick landings are all right; actually
they are as casy as powered landings,

No bad tendency to snap was
encountered. In & couple of cases, the
atternpt 1o lift off too carly resulted in a tp
stall but a strong rudder input was enough to
prevent the plase from crashing.

Some Remarks On Safety:

Even though I think that a ducted fan
model is no more dangerous than a
conventional model, if proper precautions
are taken, a few words on safety aro in
order.

On the ground they are inherently safer,
as there is no unshiclded propeller.
However, the fan is a high speed rotor
which must be treated with care. I did run a
fot of spin burst tests on rotors of many types
in a test machine 1 designed as a part of my
job and for sure the idea of a fan bursting is a
scary one.

Inspect the fan for scratches and other
damages and keep it in proper balance. Fans
have the habit of ingesting a lot of objects,
50, when you think that has happened,
check for

Bcsmlhnmrylhins:swllfmcdm
the fuselage: anything which gets loose will
pass through the fan. [ bhad a falure of the
retaining spring of the pipe, which was then
chopped and passed theough the fan without
much damage. but these ar:cﬂm!s are
potentially dangerous,

In the air, the danger comes ﬁuh,dx
speed and the mass. Stick mictly{np
frequency control rubes and test all
and the state of batteries before each fligh

These things arc not specifically fm-j&s_;a
obviously. so stick stricthy to the safety mjes)
which you should always follow, with asy
model,

The key to safety is maintenance. The
planc is designed for good maintainability
and all important systems can easily be
inspected and removed, il needed. Before
going to the ficld, all systems must be
thoroughly checked and further tests must
be made with the engine rumning, A check
lisi is very useful and can be effective to

Also, be aware that ducted fans are poisy,
even if far less than pulse jets, and be sure
that your presence at the lying fickd wifl not
cause complaints.

IT you are willing to enter inlo the *fet
age” and wdd a new dimension 1o your
hobby, 1 think that you will find the Eagle
MK. Iitobe worth consideration, The same
can be true for experienced jet- modelers,
who are looking for a plmlbhmm
most of the interest of jet flying, with the
case of operation and maintengnce of a low
cost *‘Sunday Mier.”
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